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(57) ABSTRACT 

A method of detecting lung nodules in an anterior posterior 
X-ray radiograph comprising the steps of: generating candi 
date regions in image showing changes in contrast above a 
threshold level, and eliminating false positives by eliminating 
edges assignable to organs by: identifying edges; categoriz 
ing and eliminating rib edges; categorizing and eliminating 
lung tissue edges, and categorizing and eliminating blood 
vessels. 

IMAGE 
CORRESPONDING 
TOCANDIDATE STEPI 
LOCATION 

V 

PRE-PROCESS 

GENERATION OF STE” 
BIMODAL 

DETECT EDGES 
ANDSUPPRESS —> EXTRACTPROFILES SEGMENT 
NON-MAXIMAL SLOPEAND / 

CALCULATIONOF DIFFERENCES \STEPS 3TEP9 
RIB-CROSS 
FEATURES STEP5 

APPLYSLOPECRITERIATO 
SEGMENTEDGESANDUSE 
REGION-WISE EXPECTATION 

5TEP4\ OF RIB EDGE ANGLES TO 
SUPPRESS RIB EDGES 

I 

IDENTIFY AND SUPPRESS BLOOD VESSEL EDGES 
SEGNIENTS 

REMOVE LUNG TISSUE EDGES \STEPY 
I 

DETECT NODULES ON RIBS, USING INTER AND INTRA RIB 
DISTANCES STEPS 



Patent Application Publication Dec. 25, 2008 Sheet 1 0f 9 US 2008/0317322 A1 

DETECT NODULES ON RIBS, USING INTER AND INTRA RIB 
DISTANCES 

FIG. 1 

DEFINE SUB 
IMAGE 

CORRESPONDING 
TOCANDIDATE STEPI 
LOCATION 

V 

PRE-PROCESS 

/—\ GENERATION OF STEE’Z 
BIMODAL v 

DETECT EDGES 
SEGMENT ANDSUPPRESS = EXTRACTPROFILES 

NON-MAXIMAI. SLOPEAND 
CALCULATIONOF DIFFERENCES \sTEP3 sTEP9 

RIB-CROSS \ 
FEATURES STEP5 v 

APPLYSLOPE CRITERIA TO FEAET?TRRgAscgoR 
SEGMENT EDGES AND USE R|B_CROSS 
REGION-WISE EXPECTATION AND MODULE 

$TEP4\ OFRIBEDGEANGLESTO DETECTION 
SUPPRESS RIB EDGES 

v STEPIO 

IDENTIFY AND SUPPRESS BLOOD VESSEL EDGES \ 
SEGMENTS $TEP6 

V 

REMOVE LUNG TISSUE EDGES \STEP7 

V 



Patent Application Publication Dec. 25, 2008 Sheet 2 0f 9 US 2008/0317322 A1 

FIG. 2 

FIG. 3 



Patent Application Publication Dec. 25, 2008 Sheet 3 0f 9 US 2008/0317322 A1 

FIG. 4 

. 6 FIG FIG. 5 

FIG. 8 FIG. 7 



Patent Application Publication Dec. 25, 2008 Sheet 4 0f 9 US 2008/0317322 A1 

FIG. 10 



Patent Application Publication Dec. 25, 2008 Sheet 5 0f 9 US 2008/0317322 A1 

x 

20 40 60 80 100120140160 
SELECTED AREA OF INTEREST 

FIG. 11b 

Press “q” to quit & “0” to overlay the Image 
Press any Key to Continue 

n 500 1000 1500 2000 

(1754.980) 80 _ A 

1001 _ FIG. 11a - 
140 M . 

160 ‘ 

2040 60 so 100 120 140 160 
IMAGE AFTER PROCESSING 

FIG. 11C 

FIG. 12a FIG. 12b FIG. 12c 



Patent Application Publication Dec. 25, 2008 Sheet 6 0f 9 US 2008/0317322 A1 

1.4 

1.2 - 

1.0 - 

0.8 

0.6 - 

0.4 - 

0.2 - 

0 0 2'0 4'0 6'0 80 160 120 1510 100180 

FIG. 12d 

FIG. 13b FIG. 13C 

20 40 60 80 100 120 140 160 180 

FIG. 14a 



Patent Application Publication Dec. 25, 2008 Sheet 7 0f 9 US 2008/0317322 A1 

#53 .OE mbi .QE 

$59: 02 0.6 pm a g pm 0.“ pm ON 2 .3: oz. 

M2; @5222 Tag .OI 

822.? O: 8 0e 0m 3 2 a . M22520 



Dec. 25, 2008 Sheet 8 0f 9 US 2008/0317322 A1 

3.50% 
pm 0% 0.? pm ON 8 O 

S -2 -8 -2 -2 - 8 -3 -3 

33.9; mo 23% 
¢m_.__H_owE . . . . . . . . . $.__H_ow_n_ 

02 g a e g cm a Q.” a 2 Ce 8 a e Ob cm a pm a 

. O . 0.? 

Patent Application Publication 

- E 2 - mo 



Patent Application Publication Dec. 25, 2008 Sheet 9 0f 9 US 2008/0317322 A1 

253 .OE w 5:611 02 8 pm a g Om 0.“ pm a e 

Q S . NO . no . v.0 . 2 . Q0 . E . m3 

.2 E3 .wz 

N 510% 02 pm a O.“ a a 2“ 0% ON 2 

F @5121 02 a a a g a O.“ a ON a 



US 2008/0317322 A1 

IDENTIFYING RIBS IN LUNG X-RAYS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims priority rights from 
US. Provisional Application No. 60/941,826, ?led Jun. 4, 
2007; US. ProvisionalApplicationNo. 60/941 ,801, ?led Jun. 
4, 2007; and US. Provisional Application No. 60/941,811, 
?led Jun. 4, 2007. 

FIELD OF THE INVENTION 

[0002] The present invention relates to computer aided 
diagnosis (CAD), and particularly to imaging the thoracic 
cavity for lung examination purposes. 

BACKGROUND TO THE INVENTION 

[0003] The chest x-ray is the most commonly performed 
diagnostic x-ray examination. The heart, lungs, airWay, blood 
vessels and the bones of the spine and chest are imaged in a 
painless medical test that helps in the diagnosis of medical 
conditions. 
[0004] The chest x-ray is typically the ?rst imaging test 
used to help diagnose causes of symptoms such as shortness 
of breath, fever, a bad or persistent cough, chest pain or injury. 
Its application helps in diagnosing and monitoring treatment 
for medical conditions such as pneumonia, lung cancer, 
emphysema and heart failure and other heart problems. It may 
be used to ?nd fractures in ribs as Well. 
[0005] Pneumonia shoWs up on radiographs as patches and 
irregular Whiter areas, indicative of higher x-ray absorption 
from ?uid in the lungs. If the bronchi, Which are usually not 
visible, can be seen, a diagnosis of bronchial pneumonia may 
be made. Shifts or shadoWs in the region corresponding to the 
hila (the central mediastinal surfaces of the lungs Where the 
lung roots enter) may indicate emphysema or a pulmonary 
abscess. Apparent Widening of the spaces betWeen ribs sug 
gests emphysema. Other pulmonary diseases may also be 
detected or suspected through chest x-ray examination. 
[0006] Lung cancerusually shoWs up as some sort of abnor 
mality on the chest radiograph. Hilar masses (enlargements at 
that part of the lungs Where vessels and nerves enter) are one 
of the more common symptoms as are abnormal masses and 
?uid buildup on the outside surface of the lungs or surround 
ing areas. Interstitial lung disease, Which is a large category of 
disorders, many of Which are related to exposure of sub 
stances (such as asbestos ?bers), may be detected on a chest 
x-ray as ?ber like deposits, often in the loWer portions of the 
lungs. 
[0007] The lungs are situated Within the rib cage. Because 
bones absorb x-rays to a larger extent than soft tissues, these 
appear as White stripes across the x-ray radiograph. The ribs 
curl around the body and consequently the rib shadoW on the 
x-ray radiograph appear to cross each other. The cross-over 
points and the regions betWeen the cross-over points appear 
as a pattern of almost parallelogram-like shapes. This pattern 
may disguise the shadoWs cast by nodules Which may be 
aligned With the crossover points, With the spaces therebe 
tWeen, With a single rib betWeen the cross-over points, and 
frequently overlap tWo or three of these regions. 
[0008] In addition to the rib cage, the blood vessels Within 
the lung have higher density than the air ?lled spongy lung 
tissue and absorb more x-rays, thereby causing them to cast a 
shadoW, i.e. appear lighter on the radio graph. The lungs them 
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selves have edges and absorb more x-rays than the space in 
the thoracic cavity therearound. 
[0009] Absolute absorption varies With the period of expo 
sure, the strength of the x-ray source and the siZe of the 
patient. Details are resolved by contrast betWeen regions, and 
thus CAD programs seek out and identify edges. 
[0010] Although supposed to keep still and hold their 
breadth, keeping lungs in?ated, patients may move or inhale 
or exhale during the exposure to x-rays, blurring the resultant 
radiography image someWhat. Since x-ray radiation may 
itself cause malignancies, radiologists are Wary of repeatedly 
exposing patients to x-rays, particularly With pregnant 
Women, the young, the elderly and/or the ill. With some 
systems, such as those using traditional ?lm, it may be impos 
sible to repeat the test once a problem is determined, as the 
patient is no longer available. 
[0011] Lung cancer may manifest itself as one or more 
malignant nodule Which is typically near-spherical and shoWs 
up as a near-circular Whiter region on the lung tissue. The siZe 
of the nodule may be smaller, similar or larger than the rib 
cross-over, and thus isolation and identi?cation of nodules is 
not easy. 

[0012] It is, of course, imperative to detect all resolvable 
nodules. To avoid unnecessary anxiety and to reduce costs of 
unnecessary biopsies; it is desirable to minimize false posi 
tives as Well. 

[0013] The skilled radiographer may manually pick out 
nodules, but to speed up the diagnostic procedure, Computer 
Aided Diagnostic (CAD) techniques are increasingly used. 
[0014] One approach used is segmentation, Where the bor 
ders of features such as the lung lobe itself and ribs are 
identi?ed. This is not alWays possible and indeed, is not 
alWays necessary. 
[0015] What is required is to identify candidate regions of 
interest and to then decide if they are nodules or false posi 
tives. Once identi?ed as a nodule, it is then necessary to 
determine if it is benign or malignant. This may require a 
biopsy, but can sometimes be determined by monitoring the 
nodule over time. 

[0016] ‘False negatives’ Where actual nodules or tumors are 
not identi?ed as such or discarded as ‘noise’ or some artifact 

of the system are unacceptable. The occurrence of ‘false 
positives’ Where some other feature such as a rib crossing 
shadoW is mistakenly identi?ed as being attributed to a tumor, 
should be minimiZed. In practice the elimination of false 
positives Whilst avoiding false negatives is dif?cult since 
tumors may have similar dimensions to the Width of ribs or the 
diameter of blood vessels Within the lung, and x-ray images 
typically have poor contrast. When scanning the lung region 
of posterior anterior x-ray images to look for regions of vary 
ing contrast or edges, a large number of candidate regions turn 
out to be rib crossings and the like. 
[0017] There is a need to provide alternative approaches 
and methods to computer aided diagnostics for examining 
chest x-rays and the present invention addresses this need. 

SUMMARY OF THE INVENTION 

[0018] In a ?rst aspect, the present invention is directed to 
providing a method of detecting lung nodule shadoWs in an 
anterior posterior x-ray radiograph comprising the steps of: 

[0019] a. generating candidate sub images characteriZed 
by changes in contrast above a threshold level, and 
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[0020] b. eliminating false positives by eliminating 
edges assignable to organ shadows by: 
[0021] i. identifying edges; 
[0022] ii. categorizing and eliminating rib shadoW 

edges; 
[0023] iii. categorizing and eliminating lung tissue 
shadoW edges, and 

[0024] iv. categorizing and eliminating blood vessel 
shadoW edges. 

[0025] Typically, the step of generating candidate sub 
images is achieved by a moving WindoWs technique Wherein 
a rectangular WindoW comprising a dynamically groWing 
pane and a frame therearound that is co-centered on a meet of 
their diagonals is moved sequentially over the radio graph and 
in each position, Whiteness of area Within the pane is com 
pared With Whiteness of area of frame region, such that loca 
tions of interest are considered as sub images for further 
analysis. 
[0026] In one embodiment, the step i of edge detection uses 
a Canny edge detector method. 
[0027] Optionally, the edge detection process for detecting 
edges in a radiograph comprising the steps of: 

[0028] (a) Smoothing image f(x,y) to reduce noise and 
unWanted details and textures: 

[0029] (b) calculating the magnitude of gradient image 
[0030] (c) enhancing contrast to highlight real edges, but 

risking creation of spurious edges 
[0031] (d) calculating a threshold value, and 
[0032] (e) using the threshold value to suppress spurious 

edges by background suppression 
[0033] Optionally, the smoothing uses a Gaussian ?lter 

, iii 
e 2v2 

[0035] Optionally, calculating the magnitude of gradient 
image mag(x,y) is in accordance With folloWing equation: 

6g 6g 

mag”, y) = a [0036] Optionally, calculating a threshold value uses an 

Otsu threshold technique. 
[0037] Optionally and preferably, step ii of categorizing 
and eliminating rib shadoW edges comprises identifying a 
straightness of edge feature. 
[0038] In one embodiment, the straightness of edge feature 
has a minimum signi?cant straightness threshold. 
[0039] In one embodiment, the step ii of categorizing and 
eliminating rib shadoW edges comprises comparing angle of 
edge detected Within the sub image With respect to an 
expected angle for rib shadoW edges at a similar distance from 
centerline of body. 
[0040] Optionally, the step ii comprises dividing the x-ray 
radiograph into six vertical areas corresponding to inner left 
zone, central left zone, outer left zone, inner right zone, cen 
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tral right zone and outer right zone, and identifying linear 
features having angles to horizontal Within appropriate 
ranges as being rib shadoWs. 
[0041] Optionally, the appropriate ranges are —5° to 25°; 
—20°—20°; 10° to 90°; —45° to 0°; 2° to 10° and —90° to —10° 
With respect to an axis at 3 O’clock such that counter-clock 
Wise is considered positive. 
[0042] Additionally or alternatively, the step ii of catego 
rizing and eliminating rib shadoW edges comprises identify 
ing rib shadoW edges and rib shadoW crosses from modality 
and peak separation of gradient direction histograms. 
[0043] Additionally or alternatively, the step ii of catego 
rizing and eliminating rib shadoW edges comprises identify 
ing and differentiating betWeen rib shadoWs, rib edge shad 
oWs and rib shadoW crosses by identifying sharp intensity 
changes along spokes radiating from center of sub image at 45 
degree angles, and summing such crosses over the spokes. 
[0044] Additionally or alternatively, step ii of categorizing 
and eliminating rib shadoW edges comprises implementation 
of a Hough transform. 
[0045] Optionally, the step iii of identifying lung tissue 
edges comprises identifying a continuum across Which con 
trast is above threshold amount having a length comprising 
less than 10 pixels. 
[0046] In a second aspect, the present invention is directed 
to providing a method of identifying rib shadoW edges in a sub 
image of an anterior posterior chest radiograph comprising 
the step of identifying edges and comparing angle of edge 
With respect to an expected angle for a rib shadoW edge at a 
similar distance from a centerline of body. 
[0047] In the present context, the folloWing terms should be 
understood by the folloWing de?nitions unless an alternative 
de?nition is clearly intended by context. 
[0048] A candidate location is a region in a radiograph 
suspected of being a nodule shadoW, due to change in contrast 
or edges. Such candidates may be indicative of nodular like 
structures in the lungs. 
[0049] A nodule is a substantially spherical mass of denser 
tissue Within the lung. Nodules thus cast circular shadoWs on 
radiography images. 
[0050] A shadoW is a region of relatively high x-ray absor 
bance and so When looking at conventional x-ray images, 
Which are negative x-ray photographs; such regions appear 
lighter or Whiter than their surroundings. 
[0051] The term radiograph as used herein, relates to an 
x-ray photograph, typically the negative image formed by 
exposure of an x-ray sensitive material to x-rays transmitted 
through a patient. 

BRIEF DESCRIPTION OF THE FIGURES 

[0052] For a better understanding of the invention and to 
shoW hoW it may be carried into effect, reference Will noW be 
made, purely by Way of example, to the accompanying Fig 
ures, WhereWith it is stressed that the particulars shoWn are by 
Way of example and for purposes of illustrative discussion of 
the preferred embodiments of the present invention only, and 
are presented in the cause of providing What is believed to be 
the most useful and readily understood description of the 
principles and conceptual aspects of the invention. 
[0053] FIG. 1 is a ?owchart presenting an overvieW of a 
methodology for analyzing chest x-ray images in accordance 
With one embodiment of the invention; 
[0054] FIG. 2 is a typical, though high quality, anterior 
posterior chest x-ray of a female patient; 
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[0055] FIG. 3 shows the lungs after running a segmentation 
algorithm to shoW the lung region only; 
[0056] FIG. 4 shoWs the lungs of FIG. 3 after extracting 
edges; 
[0057] FIG. 5 is a sub image ofthe lung, i.e. a region ofthe 
lung image, perhaps selected by a moving WindoW technique 
as including a candidate nodule; 
[0058] FIG. 6 is a magnitude image ofthe image ofFIG. 5, 
shoWing spurious edges; 
[0059] FIG. 7 is a processed image created from the mag 
nitude image of FIG. 5 after applying the Otsu method and 
suppressing the loWer magnitude values; 
[0060] FIG. 8 is a black and White image corresponding to 
FIG. 7 after a non-maximum suppression and hysteresis 
threshold; 
[0061] FIG. 9 shoWs hoW rib edges can be identi?ed and 
line segments ?tted therealong, to remove these from further 
consideration; 
[0062] FIG. 10 is an anterior-posterior x-ray image With a 
grid superimposed thereupon dividing the thorax into Zones 
Wherein the rib angles are Within speci?c and de?ned ranges; 
[0063] FIG. 11a is an anterior-posterior x-ray image shoW 
ing a suspicious region (sub image) thereupon; 
[0064] FIG. 11b shoWs the sub image on a larger scale after 
pre processing; 
[0065] FIG. 110 shows the sub image With edges extracted; 
[0066] FIG. 12a depicts a sub image around a candidate; 
[0067] FIG. 12b shoWs the gradient magnitude image 
obtained after extracting edges and cleaning; 
[0068] 120 shows the gradient direction image extracted 
therefrom; 
[0069] 12d shoWs a corresponding gradient direction his 
togram; 
[0070] FIG. 13a is a candidate sub image isolated by a 
moving WindoW technique, and centered on a nodule lying 
betWeen ribs; 
[0071] FIG. 13b is a candidate sub image isolated by a 
moving WindoW technique, and centered on a nodule shadoW 
superimposed on a rib; 
[0072] FIG. 130 is a candidate sub image isolated by a 
moving WindoW technique shoWing a rib Without an apparent 
nodule; 
[0073] FIG. 14(a) shoWs a candidate sub region divided 
into 8 directions at 45° to each other, and 
[0074] FIG. 14(b) shoWs the magnitude image and intensity 
pro?les along the directions of FIG. 14(a). 

DESCRIPTION OF THE EMBODIMENTS 

[0075] The shadoWs of blood vessels and ribs in posterior 
anterior x-ray radiography images of the chest obscure nod 
ules, making them dif?cult to identify. 
[0076] Embodiments of the present invention are directed 
to detecting, identifying and correctly characterizing physi 
ological features, particularly ribs and blood vessels Which 
shoW up in x-ray radiographs, obscuring nodules and other 
irregularities of interest. Applications include training classi 
?ers, improved CAD systems and faster more accurate diag 
nostics. 
[0077] An edge detection scheme is employed. When look 
ing for nodules and the like, by attributing edges appearing in 
posterior anterior x-ray images to ribs, blood vessels or edges 
of the lungs themselves, these may be discounted. Non-dis 
counted edges are more likely to be nodules requiring further 
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consideration. In this manner, the ratio of nodules to false 
positives is maximiZed and the effectiveness of CAD image 
analysis is improved. 
[0078] Correct identi?cation of candidates as being shad 
oWs cast by ribs, rib crossover points orbloodvessels, enables 
the creation and build up of classi?cation libraries. The effec 
tiveness of systems including arti?cial intelligence algo 
rithms, such as neural netWorks, may be optimiZed by correct 
identi?cation and detection of such elements. 
[0079] With reference to FIG. 1 an overvieW of this novel 
approach is presented. 
[0080] Firstly, a sub-image corresponding to a candidate 
location is de?ned (step 1). In FIG. 2 such a candidate 28 is 
shoWn. The candidate location is preprocessed (step 2). The 
purpose of preprocessing is to enhance the contrast, to sup 
press spurious noise, and to extract intensity information. 
Edges Within the sub image are detected (step 3), by de?ning 
contrast thresholds, such that lesser contrasting regions are 
suppressed. Next, a slope criterion is applied to identify edges 
corresponding to ribs and non ribs (step 4). A bimodal histo 
gram may be used to differentiate betWeen single rib and rib 
crosses and to thus identify rib cross features (step 5). By 
identifying and suppressing edges corresponding to rib 
edges, edges corresponding to blood vessels may be detected 
(step 6). Remaining, short pieces of edge fragment, typically 
no more than say, 10 pixels long, may be attributed as relating 
to the lung tissue itself (step 7). Having identi?ed lung tissue 
edges, edges of blood vessels and rib edges and suppressed 
these, only edges not conforming to any of the above are left. 
Such edges may relate to nodules, inhaled objects, pneumo 
nia and other features of interest. Remaining edges may noW 
be examined (step 9) Without disruptive in?uence of other 
edges. Typically nodules are more or less spherical, and thus 
the existence of a circular edge is likely a nodule. 
[0081] Rib edges, once positively identi?ed as such may be 
suppressed to help detect and examine additional features. By 
looking at distances of apparent edges from clearly identi?ed 
rib edges, and comparing to the inter rib and intra rib dis 
tances, the apparent edges can be identi?ed as being or not 
being edges of adjacent ribs or opposite edges of the same rib, 
and positively identi?ed as due to some other feature (step 8). 
In general, therefore, it is possible to identify the pro?les of 
structures in the radiography image (step 9) and to determine 
features (step 10) that can be subsequently used by classi?ers 
to classify structures as being due to ribs, rib crosses, lung 
tissue edges, blood vessels or nodules. 

Edge Extraction 

[0082] FIG. 2 is a typical posterior anterior x-ray radio 
graph of the chest of a female patient shoWing left 20L and 
right 20R lungs. These are, hoWever, partially obscured by the 
shadoW cast by the denser bone tissue of the ribs 22, the 
clavicle 24, and by the breast tissue 26.A candidate of interest 
28 is shoWn. 
[0083] FIG. 3 shoWs the lungs after running a segmentation 
algorithm of the prior art, such as that described in 
US20070127802A1 to Odry et al. titled “Method and System 
forAutomatic Lung Segmentation”, for example. The left and 
right lung shadoWs are partially obscured by rib shadoWs With 
several rib shadoWs shoWn. These appear as stripes across the 
image of the lung. The rib cage effectively curves around the 
lungs, and thus the shadoWs cast by the rib sections behind 
and in front of the lungs appear to cross each other. ShadoWs 
from other tissues are also seen. Some may be attributed to 
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blood vessels or to healthy lung tissue. Others are cause for 
concern, being symptomatic of nodules and other tumors, 
?uid build up (pneumonia) and other undesirable causes. It is 
dif?cult and time consuming to analyZe lung radiographs and 
to identify areas of interest. 
[0084] To analyZe the image, edge extraction is performed. 
This provides a corresponding image shoWing the edges only, 
as shoWn in FIG. 4. 

[0085] Edge detection (FIG. 1 step 3) may use a modi?ca 
tion of the Canny edge detector [H. Takeshi, F. Hiroshi and X. 
Jing, “Development of automated detection system for lung 
nodules in chest radiograms” IEEE Trans. on medical imag 
ing 1. pp. 71-74, 1997], for example. 
[0086] The sub-steps of one possible edge detection pro 
cess are: 

[0087] (3a) Smoothing image f(x,y) With a Gaussian ?lter 
to reduce noise and unWanted details and textures: 

[0088] 

(3b) calculating the magnitude of gradient image mag(x,y) as: 

6g 6g 
5 + 5 mag(x, y) — 

[0089] With reference to a speci?c sub-image of interesti 
FIG. 5, the magnitude of gradient image thus obtained is 
shoWn in FIG. 6. Since contrast is enhanced, real edges are 
highlighted, but spurious edges may be created. 
[0090] (3c) calculating a threshold value, perhaps using the 
Otsu thresholding technique [N. Otsu, “A threshold selection 
method from gray level histograms”, IEEE Trans. Systems, 
Man and Cybernetics, 1979, vol. 9, pp. 62-66], and the 
threshold value is used to suppress the loWer magnitude val 
ues by background suppressionisee FIG. 7iand non-maxi 
mum suppression folloWed by application of a hysteresis 
threshold. In this manner, a black and White image shoWing 
edges is generatedisee FIG. 8. 
[0091] Edge linking and line segment ?tting are noW used 
to draW lines corresponding to the edges shoWn (FIG. 9), 
Which may be variously attributed to the lung mass itself, to 
ribs, to blood vessel edges or to nodules. 

Slope Criterion for Identi?cation of Ribs 

[0092] The slope criterion for identifying ribs (FIG. 1, Step 
4) is noW explained in more detail. The purpose of this step is 
to identify the edges shoWn in FIG. 9 as being rib edges or 
non-rib edges. 
[0093] With reference to FIG. 10, it has been found that the 
slope of the ribs varies With distance from the centerline of the 
body in a consistent and predictable manner. For conve 
nience, six regions may be de?ned: Left inner 21; left middle 
22; left outer 230; right inner 11; right middle region 12; right 
outer region 13 0. The range of angles betWeen the ribs and the 
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horiZontal are summariZed in table 1, Where the Zero angle is 
at 3 O’clock and counterclockwise angles are considered 
positive. 

TABLE 1 

Showing regions of chest and typical rib angles thereWithin 

Region Sub region Rib Angle Range 

Region 1 11 [—5 25] 
12 [—2O 20] 

130 [10 90] 
Region2 21 [—45 0] 

22 [2O 10] 
230 [—90 —10] 

[0094] Thus continuous lines crossing the sub-image at 
appropriate angles for the speci?c region may be attributed as 
corresponding to rib edges. For practical purposes, such rib 
edges are generally not of interest, and are suppressed to 
alloW identi?cation and characteriZation of other edges 
Within the sub-image. Thus the technique described herein 
above With reference to FIG. 10 and table 1 uses the de?ned 
region-Wise slope criteria to identify segmented edges as 
being rib related or not. 

[0095] It Will be appreciated that once rib edges are cor 
rectly identi?ed it is much easier to determine additional 
edges that may indicate nodules or blood vessels Whose x-ray 
shadoW may overlap the rib pattern. 
Identifying Ribs and Rib Crosses from the Histogram of 
Gradient Direction Image 
[0096] By edge detection and suppression of non-maxima 
features it is possible to extract pro?les and to extract features 
for ribs and rib-crosses, and once these are identi?ed, and 
accounted for, What is left is likely to be nodule related. 
[0097] FIG. 1 Step 5 relates to rib crossovers Which occur at 
typical angles for each region. The correct identi?cation of rib 
crossover regions is particularly signi?cant since rib cross 
overs are a common cause of ‘false positive’ determinations, 
seeing that they are very similar in appearance to lung nodules 
and have been knoWn to confuse both CAD systems and 
human operators. In FIG. 1111 a candidate is indicated. In FIG. 
11b a close up of the sub region centered around the candidate 
is shoWn and FIG. 110 is an image shoWing the edges of the 
same sub region. Here a small nodule on top of a rib is shoWn 
and it is relatively easy to diagnose as the edges thereof are 
Well aWay from the rib edges; the diameter thereof is very 
much less than the Width of ribs (intra rib edge separation), 
and than the distance betWeen ribs (inter rib separation). 
[0098] Unfortunately, the siZe of nodules may be much 
closer to that of rib Widths or rib separation and the position of 
edges may be much more dif?cult to identify. To analyZe 
non-rib shadoWs, it is important to determine the rib edge 
shadoWs in a sub image. Then areas of the sub-image may be 
identi?ed as being on rib (intra rib), betWeen rib (inter rib) and 
on rib-crossing. Having performed this type of analysis, the 
rib edges may be suppressed and non-rib related structures 
may be identi?ed. 

[0099] As explained hereabove With reference to FIG. 1, for 
each sub image, the gradient, magnitude and direction images 
are obtained and a histogram of the gradient direction image 
may be calculated (step 5). Generation of a gradient direction 
histogram alloWs positive identi?cation of slopes and differ 
entiation of ribs, rib crosses etc. 
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[0100] A gradient direction image is obtained and a gradi 
ent direction histogram is calculated. A bimodal distribution 
With the tWo modes separated by approx. 90° is indicative of 
a rib cross. In contradistinction, one rib edge produces a 
unimodal gradient direction, and the presence of opposite 
edges of the same rib, gives a bimodal histogram With the 
peaks separated by 180°, Whereas a multimodal distribution 
Without clear unimodal or bimodal characteristics indicates a 
lack of rib edges. In this manner, non-rib edge segments can 
be identi?ed and considered as being related to blood vessels, 
nodules or other structures. Finally, nodules superimposed on 
ribs can be determined by the inter rib and intra rib distances 
since the edges attributed to opposite sides of the same rib, or 
to adjacent ribs can be identi?ed by their separation. 
[0101] To explain the approach in more detail, reference is 
made to FIGS. 12a-d, Wherein a sub image around a candidate 
is shoWn 12a, apparently indicating the edges of a rib and a rib 
cross. The gradient magnitude image obtained after extract 
ing edges and cleaning is shoWn in FIG. 12b. From the gra 
dient magnitude image, the gradient direction image is 
extracted 12c and a gradient direction histogram is calculated 
12d. From the angles that the edges make to each other, the 
structure may be analyZed. 

Nodules on Ribs and BetWeen Ribs 

[0102] With reference to FIG. 13, a WindoW frame 
approach may be used to center a pair of cocentered rect 
angles onto a candidate of interest, to provide a sub image 
corresponding to a candidate location. This is typically the 
process used to identify candidates (FIG. 1 step 1). Such an 
image is cleaned of spurious noise by preprocessing tech 
niques (FIG. 1 step 2) as described hereinabove. By identify 
ing shadoWs of ribs With anomalous high intensity thereon 
nodules superimposed on ribs may be hypothesiZed and 
tested for. Speci?cally, FIG. 13a is centered on a nodule lying 
betWeen the ribs, 13b shoWs a nodule shadoW superimposed 
on a rib, and 130 shoWs a rib Without a nodule. To identify the 
nature of the candidate image, the edges are identi?ed, gra 
dient magnitude and gradient dimensions are extracted and a 
gradient histogram is generated in accordance With the meth 
odology described hereinabove. Once edges are detected, 
their separation can be calculated and this helps ascertain if a 
region is betWeen ribs (inter rib) or on a rib (intra rib). Simi 
larly, crossing edges can be ascertained as being due to rib 
crosses. Once the rib related edges are correctly identi?ed, it 
becomes easy to identify non-rib related edges. These may 
then be analyZed as being due to nodules, blood vessels etc. 

Edginess 
[0103] It Will be appreciated, that the general approach 
utiliZed herein, is to extract features for different underlying 
causes and to use them to analyZe candidate sub images. One 
feature particularly characteristic of ribs and rib crossings is 
that they include a relatively large amount of edges. Gradient 
magnitude information indicates the density of edges in the 
sub image. A spectral ?atness measure feature may be de?ned 
as indicative of edge density and used in a classi?er to identify 
edges. One such feature may be de?ned as the ratio of geo 
metric mean to arithmetic mean of the magnitude of Fourier 
coef?cients of the gradient magnitude image. 

Rib Cross Extraction by Pro?ling in Compass Directions 

[0104] The approach described hereinabove identi?es and 
differentiates betWeen different rib related artifacts by con 
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sidering edges and their relative angles. Similar information 
can be extracted by a different but complimentary approach, 
Wherein the moving WindoW technique is again used to center 
a sub image on a candidate of interest. HoWever, the analysis 
of the candidate is not performed by identifying and extract 
ing edges and determining their relative angles, but rather by 
examining directions radiating from the center of the sub 
image and identifying in Which directions edges are encoun 
tered. With reference to FIG. 14(a), the approach may be 
summariZed as folloWs: The sub image is sectioned by draW 
ing four lines there across to establish eight radiating spokes 
separated by angles of 45° and multiples thereof. ShadoW 
intensity pro?les may be determined for each direction and 
from the intensity peaks, a decision as to Whether a rib edge is 
crossed is made. For each spoke, if a rib is crossed, a value of 
1 is assigned. lfno ribs are crossed, a value 0 is assigned. The 
value for the sub image is the sum of the values for each spoke 
divided by 8. 

[0105] A number of features may be extracted in this man 
ner, and used to train a classi?er of a CAD system to recogniZe 
rib edges. Similarly, such features may be used to ascertain 
Whether edges are rib related. Some such features are brie?y 
detailed beloW. 

Feature Peak Ratio: 

[0106] From each extracted pro?les along 8 directions, the 
ratio of maximum peak to minimum peak is computed. An 
overall peak ratio may be calculated by averaging the peak 
ratios computed individually on each pro?le. 

Feature Ridge Width: 

[0107] The thickness of the edge (ridge) from the pro?le at 
30% of its peak value may be calculated and the average of 
ridge value may be de?ned, representing the average for all 
the eight directions. 

Feature Slope Ratios: 

[0108] First order derivatives of the pro?le may be calcu 
lated and Slope_min_ratio, Slope_max_ratio and slope_min_ 
max_ratio for each pro?le may be obtained, de?ned as fol 
loWs: 
[0 1 09] Slope_max_ratio:min(profdiff)/ (ab s(min 
(profdiff))+max(profdiff)); 
[0 1 1 0] Slope_max_ratio:max(profdiff)/ (ab s (min 
(profdiff))+max(profdiff)); 
[0 1 1 1] Slope_min_max_ratio:min(profdiff)/ (max 
(profdiff)); 
[0112] An average for all the eight pro?les may be calcu 
lated. 

Feature Slope Smooth: 

[0113] This feature gives the smoothness of the slope. For 
each pro?le a second order derivative is obtained and used to 
compute the steepness value, i.e. the sum of deviations from 
the mean. An average steepness value may be calculated from 
all the steepness values computed from all the pro?les 
extracted in eight directions. 
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On-Rib: 

[0114] A multiple quadrant approach may be used for rib 
edge detection based on the following steps: 

[0115] a. Perform Residual Edge Labelling and linking 
to combine relevant edge segments to meet rib check 
criteria; 

[0116] b. Check criteria to remove non-rib edge seg 
ments including check of segment length/slope/eccen 
tricity factor; 

[0117] c. Divide the sub image into multiple quadrants; 
[0118] d. Keep the best ?t segments for each quadrant. 
[0119] e. Check the centroid distances among the best ?t 

segments of each quadrant. 
[0120] If the centroid distances are greater than rib dis 
tances then rib check is satis?ed. 

Further Features 

[0121] The Hough transform technique may be used to 
extract features such as lines and crosses, in that it enables 
identi?cation of underlining shapes and counting their num 
bers. It is an attractive tool since, as Will be appreciated by the 
man of the art, it is tolerant of gaps in feature boundary 
descriptions and is relatively unaffected by image noise. The 
technique may be used for identifying shapes With knoWn 
geometries, so is appropriate for extracting ribs and rib 
crosses. Peak features, ridge Widths and slope ratios may be 
determined in this manner. 
[0122] A Hough feature may thus be computed on the edge 
image corresponding to a candidate sub image. First a Hough 
transform is computed on the edge image, based on the 30% 
of peak value, and Hough lines are detected. Based on the 
theta values, the ratio of longest lines on the different facets 
may be computed. 
[0123] It Will be noted that the method of FIG. 1 could be 
varied by performing some of the steps in a different order. 
The various sub-routines described for extracting rib related 
features and for identifying rib edges could be used indepen 
dently, for example in an edge classi?er. Thus the scope of the 
present invention is de?ned by the appended claims and 
includes both combinations and sub combinations of the vari 
ous features described hereinabove as Well as variations and 
modi?cations thereof, Which Would occur to persons skilled 
in the art upon reading the foregoing description. 
[0124] In the claims, the Word “comprise”, and variations 
thereof such as “comprises”, “comprising” and the like indi 
cate that the components listed are included, but not generally 
to the exclusion of other components. 

1. A method of detecting lung nodule shadoWs in an ante 
rior posterior x-ray radiograph comprising the steps of: 

a. generating candidate sub areas of the radiograph shoW 
ing changes in contrast above a threshold level, and 

b. eliminating false positives by eliminating edges assign 
able to organ shadoWs by: 
i. identifying edges; 
ii. categorizing and eliminating rib shadoW edges; 
iii. categorizing and eliminating lung tissue shadoW 

edges, and 
iv. categoriZing and eliminating blood vessel shadoW 

edges. 
2. The method of claim 1 Wherein the step of generating 

candidate regions is achieved by a moving WindoWs tech 
nique Wherein a rectangular WindoW comprising a dynami 
cally groWing pane and a frame therearound co-centered on a 
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meet of their diagonals is moved sequentially over the radio 
graph and for each position, Whiteness of an area in the pane 
centered is compared to the Whiteness of area of frame region. 

3. The method of claim 1 Wherein the step i of edge detec 
tion uses a Canny edge detector method. 

4. The method of claim 1 Wherein the edge detection pro 
cess for detecting edges in a radiograph comprising the steps 
of: 

(a) Smoothing image f(x,y) to reduce noise and unWanted 
details and textures: 

(b) calculating the magnitude of gradient image 
(c) enhancing contrast to highlight real edges, but risking 

creation of spurious edges 
(d) calculating a threshold value, and 
(e) using the threshold value to suppress spurious edges by 

background suppression 
5. The method of claim 4 Wherein the edge detection pro 

cess Wherein said smoothing uses a Gaussian ?lter 

6. The method of claim 4 Wherein said calculating the 
magnitude of gradient image mag(x,y) is in accordance With 
folloWing equation: 

7. The method of claim 4 Wherein said calculating a thresh 
old value uses an Otsu threshold technique. 

8. The method of claim 1 Wherein the step ii of categorizing 
and eliminating rib edges comprises identifying a straight 
ness of edge feature. 

9. The method of claim 8 Wherein the straightness of edge 
feature has a minimum signi?cant straightness threshold, 
such that minor deviations from a straight line are considered 
straight. 

10. The method of claim 1 Wherein the step ii of categoriZ 
ing and eliminating rib edges comprises comparing angle of 
an edge in the sub image With respect to an expected angle for 
a rib image at a similar distance from centerline of body. 

11. The method of claim 1 Wherein the step ii comprises 
dividing the x-ray radiograph into six vertical areas corre 
sponding to inner left Zone, central left Zone, outer left Zone, 
inner right Zone, central right Zone and outer right Zone, and 
identifying linear features having angles subtended to hori 
Zontal Within an appropriate range as being rib edges. 

12. The method of claim 11 Wherein the appropriate ranges 
are —5° to 25°; —20°-20°; 100 to 90°; —45° to 0°2o to 100 and 
—90° to —100 With respect to a horiZontal direction at 3 
O’clock, such that counter-clockWise direction is considered 
positive. 
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13. The method of claim 1 wherein the step ii of categoriZ 
ing and eliminating rib edges comprises identifying rib edges 
and rib crosses from modality and peak separation of gradient 
direction histograms. 

14. The method of claim 1 Wherein the step ii of categoriZ 
ing and eliminating rib edges comprises identifying and dif 
ferentiating betWeen ribs, rib edges and rib crosses by iden 
tifying sharp intensity changes along spokes radiating from 
center of sub image at 45 degree angles, and summing such 
crosses over the spokes. 
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15. The method of claim 1 Wherein the step ii of categoriZ 
ing and eliminating rib edges comprises implementation of a 
Hough transform. 

16. A method of identifying edges of rib shadoWs in a sub 
image of an anterior posterior chest radiograph comprising 
the step of identifying edges and comparing angle of edge 
With respect to an expected angle for a rib at a similar distance 
from a centerline of body. 

* * * * * 


